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Cytogenetic, Spectral Karyotyping, Fluorescence in
Situ Hybridization, and Comparative Genomic
Hybridization Characterization of Two New
Secondary Leukemia Cell Lines With 5q Deletions,
and MYC and MLL Amplification
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Cytogenetic studies of patients with therapy-induced acute myeloid leukemia (t-AML) have demonstrated whole chromosome
loss or g-arm deletion of chromosomes 5 and/or 7 in a majority of cases. We have established two cell lines, SAML-1 and
SAML-2, from two patients who developed t-AML after radiation and chemotherapy for Hodgkin disease. In both cases, the
leukemia cells contained 5q deletions. SAML-1 has 58 chromosomes and numerous abnormalities, including
der(l)(lqter—1p22::5q31—5qter), der(5)(5pter—5q22::1p22—|pter), +8, der(13)i(13)(q10)del(13)(ql Iq14.1), and t(10;11).
Fluorescence in situ hybridization (FISH) with unique sequence probes for the 5q31 region showed loss of IL4, IL5, IRFI, and
IL3, and translocation of IL9, DS5589, EGRI, and CSFIR to |p. SAML-2 has 45 chromosomes, del(5)(ql1.2q31) with a
t(12;13)ins(12;5), leading to the proximity of IRFI and RB/, and complex translocations of chromosomes 8 and |1, resulting
in amplification of MYC and MLL. Comparative genomic hybridization and spectral karyotyping were consistent with the
G-banding karyotype and FISH analyses. Because a potential tumor suppressor(s) in the 5931 region has yet to be identified,

these cell lines should prove useful in the study of the mechanisms leading to the development of t-AML.

© 2003 Wiley-Liss, Inc.
INTRODUCTION

Although chemotherapy has greatly improved
the survival for particular types of cancer such as
Hodgkin disease (HD), a fraction (2-5%) of these
patients will later develop therapy-related myelo-
dysplastic syndrome (t-MDS) and acute myeloid
leukemia (t-AML) (Levine and Bloomfield, 1992;
Harrison et al., 1998). It is estimated that up to 20%
of all cases of AML are therapy related (Kantarjian
et al.,, 1993). Most cases of t-AML are of the
M1-M2 and M4-M5 subtype; classification is
sometimes difficult, however, because the leuke-
mias frequently demonstrate trilineage involve-
ment and appear to bridge several subtypes (Le-
vine and Bloomfield, 1992). The majority of these
cases have specific cytogenetic abnormalities, most
commonly the acquired loss of genetic material
from chromosomes 5 and 7, either by the develop-
ment of chromosomal monosomy or as a result of
deletion.

Acquired interstitial deletion of 5q is found in a
variety of other myeloid disorders, the most fre-
quent being de novo AML and MDS (10-15% of

© 2003 Wiley-Liss, Inc.

cases) (Nimer and Golde, 1987), including the
“5q— syndrome.” The hemizygosity resulting from
the 5q deletion may unmask a tumor-suppressor
gene on the remaining homolog as the result of a
mutation of the second allele (Nagarajan, 1996).
5q31 deletion by itself could contribute to the
development of the leukemic phenotype if both
alleles of the critical gene are required for normal
function, as in haploinsufficiency (Schoch et al.,
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2002). Although the size of the deleted region var-
ies among patients, the consistent loss of 5q31
(Johansson et al., 1993; Le Beau et al., 1993; Will-
man et al., 1993) suggests that a key regulatory
gene resides there. A striking cluster of genes gov-
erning normal hemato-lymphoid growth and differ-
entiation, including growth factors, hormone recep-
tors, and proteins involved in signal transduction or
transcriptional regulation, have been mapped to
the 531 region, all residing within a few mega-
bases of each other (Nagarajan, 1996). Although
numerous studies have been undertaken by use of
a variety of cytogenetic and molecular techniques,
an unequivocal critical gene has not been identi-
fied.

We have established two new cell lines, desig-
nated SAML-1 and SAML-2, from two patients
who developed AML secondary to treatment for
HD. To our knowledge, this is only the second
report of cell lines established from t-AML. The
previously described cell line, OHN-GM, was also
derived from a patient who developed AML after
treatment for HD (Nagai et al., 1997). Both pa-
tients in the current study had been treated with
radiation and chemotherapy, and developed sec-
ondary leukemia 5 to 15 years after initial treat-
ment for HD. Cytogenetic and molecular cytoge-
netic analyses [G-banding, spectral karyotyping
(SKY), fluorescence in situ hybridization (FISH),
and comparative genomic hybridization (CGH)] of
the cell lines revealed interstitial deletion of 5q and
numerous other cytogenetic abnormalities.

MATERIALS AND METHODS

Patient | (SAML-I Cell Line)

This patient was diagnosed with stage IV-B nod-
ular sclerosing Hodgkin disease in the summer of
1976. He was treated with MOPP (mechloreth-
amine, vincristine, procarbazine, and prednisone)
from December 1976 through May 1977. Because
of persistent abnormal radiographs and lym-
phangiograms, chemotherapy was followed by total
nodal irradiation from July to December 1977, re-
sulting in a complete remission. Bone marrow stud-
ies in 1976 and 1977 showed no evidence of ma-
lignant disease. In September 1991, the patient had
pancytopenia, including a low platelet count. A
bone marrow aspirate contained 67% blasts, lead-
ing to a diagnosis of acute myeloid leukemia. The
patient received three cycles of idarubicin, cytara-
bine, and etoposide and went into complete remis-
sion, but his leukemia relapsed in June 1992.
Reinduction therapy with cytarabine and mitox-

antrone in June, and verapamil, idarubicin, cytara-
bine, and etoposide in August, failed to produce a
remission. During September and October, he re-
ceived 3 weeks of treatment with vincristine, pred-
nisolone, and L-asparaginase, again without re-
sponse. In November 1992, the bone marrow had
80% myeloblasts, and the patient was transferred to
the Fred Hutchinson Cancer Center (Seattle, WA)
for a bone marrow transplant. He responded to the
induction therapy but died shortly thereafter at
age 50.

Patient 2 (SAML-2 Cell Line)

This 36-year-old man became symptomatic in
July 1990 and was diagnosed with mixed cellularity
Hodgkin disease in March 1991. His initial treat-
ment with MOPP and mantle-field irradiation re-
sulted in complete remission. A relapse 2'% years
later, in March 1993, was diagnosed as nodular-
sclerosing HD; treatment with EPOCH (etoposide,
prednisone, vincristine, cyclophosphamide, and
Adriamycin) led to a complete remission. Six
months later, however, the patient relapsed with
bilateral bone marrow involvement; another round
of EPOCH (without Adriamycin) resulted in a par-
tial remission. Recurrent disease from September
1994 through June 1996 was treated with velban,
taxol, 9-aminocamptothecan, and vinblastine, with
little or no response and with evidence of disease
progression. In June 1996, the patient was found to
have an elevated white blood cell count, reduced
platelets (45,000), and 38% myeloblasts in the bone
marrow. He was diagnosed with AML, secondary
to treatment for multiply relapsed lymphoma. He
died within 2 months of acute respiratory failure,
partially because of leukemic sludging in the pul-
monary vasculature, at age 42.

Cell Lines

Suspension cultures were established from bone
marrow aspirates from patient 1 (specimen ob-
tained within a month of death) and patient 2
(obtained at diagnosis of AML), and designated
SAML-1 and SAML-2, respectively. SAML-1 was
maintained in RPMI 1640 with 10% fetal bovine
serum (FBS), penicillin, streptomycin, and ampho-
tericin B. SAML-2 was maintained in RPMI 1640
with 20% FBS, 10% Giant Cell Tumor Condi-
tioned Medium (IGEN, Gaithersburg, MD), 5%
horse serum, and 0.2 ng/ml granulocyte macro-
phage colony stimulating factor (GM-CSF). Both
cell lines were characterized by cytochemical stain-
ing of cytospins and fluorescent immunostaining.
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Cytogenetic and SKY Analyses

Routine cytogenetic analysis was performed on
the cell lines established from the bone marrow
cells of the two patients, according to standard
techniques. SKY was performed according to the
technique of Schriock et al. (1996) and Macville et
al. (1997) for identification of all chromosomal ab-
normalities in the two cell lines. Images were ac-
quired with a spectral cube system (Applied Spec-
tral Imaging, Migdal Haemek, Israel) attached to
an epifluorescence microscope (DMRXA, Leica,
Wetzlar, Germany), and the emission spectrum was
measured with a custom-made triple-band—pass fil-
ter (Chroma Technology, Brattleboro, VT). Both
probe and DAPI images were acquired.

CGH Analysis

CGH was performed on normal, sex-matched
(male) metaphase chromosomes according to a
modification of the method described by du Man-
oir et al. (1993). Average ratio profiles were calcu-
lated from 11-15 ratio images per cell line. Ratios
of tumor to reference signal of <0.75 and >1.25
were interpreted as representing loss and gain, re-
spectively, of DNA mapped to a particular chromo-
some region.

FISH Studies

FISH studies were conducted by use of cosmid
probes, unique sequence probes for specific human
genes, and whole-chromosome and chromosome-
arm paints. The following probes were obtained
from commercial sources, and hybridizations were
performed according to the manufacturers’ instruc-
tions: Cri du Chat (5p15.2), 5q31, MYC (8q24.1),
Retinoblastoma (13q14), and MLL (11q23) from
Oncor (Gaithersburg, MD) or Ventana Medical
Systems (Tucson, AZ); TP53 (SpectrumOrange)
from Vysis (Downers Grove, IL); D5589 from the
American Type Culture Collection (ATCC, Man-
assas, VA); bacterial artificial chromosome (BAC)
probes containing MDRI sequences (BAC clone
332G20), and a probe containing sequences 500—
1000 kilobases (kb) telomeric to MDR1 (BAC clone
0631.14) from Research Genetics (Huntsville, AL).
Additional probes were kindly provided by individ-
ual investigators: cosmid probes for IRF 1, [L.3, IL.4,
115, 119, EGRI, and CSFIR from L. Deaven of the
Los Alamos National Laboratory (LLos Alamos,
NM); DHFR from C. Allegra of the National Can-
cer Institute (NIH, Bethesda, MD); a subtelomeric
probe for 5qter from Y. Ning of the National Hu-
man Genome Research Institute (NHGRI, NIH,

Bethesda, MD); and DNA for chromosome-arm
paints 2p, 2q, 20p, and 20q from M. Bittner of
NHGRI. The latter probes were combined with
whole-chromosome paints 4, 6, 15, and 22, pro-
duced in our laboratory, for clarifying results ob-
tained from SKY analysis in SAML-1. Mutation
analysis of 7P53 was performed by sequencing of
the ¢cDNA corresponding to exons 5-9, the mu-
tated region identified in previous studies. RT-
PCR was performed with a 3’ primer corresponding
to the sequence 1022-1042 and a 5’ primer corre-
sponding to the sequence 339-359; sequencing
was performed by use of nested primers.

RESULTS

Phenotypic Characterization

Phenotypic studies, including cell surface mark-
ers, indicated the myeloid origin of both cell lines
(Table 1). Wright—Giemsa-stained cells of SAML-1
and SAML-2 were uniformly myeloblastic, with
large round nuclei surrounded by a small volume of
non-staining cytoplasm. The staining patterns in
these two cell lines are consistent with a my-
elomonocytic leukemia phenotype.

Cytogenetic Analyses (G-Banding and SKY)

The cell line SAML-1 was derived from a bone
marrow sample obtained in November 1992. The
bone marrow culture was maintained by replacing
half of the suspension with fresh medium once a
week. It was first submitted for cytogenetic analy-
sis in January 93 (after about eight doublings of the
original sample), and subsequent analyses were
performed periodically. The possibility of in vitro
development of aberrations cannot be discounted,;
however, the cell line was remarkably stable, and
the only differences in the various samplings were
the appearance of the der(16)t(16;20) in the Feb-
ruary 93 and subsequent harvests, and abnormali-
ties of chromosome 7. All samples had two normal
chromosomes 7. A del(7)(q22 or q22q36) appeared
in February 93, and the remaining samples all
showed a der(7) with multiple copies of the q21q22
bands. The full karyotype is shown in Figure 1A.

Patient 2 had one bone marrow cytogenetic
study, which had the following clonal karyotypes:
clone 1: 45,XY,del(5),der(8),der(11)x2,der(12)t(12;
13)ins(12;5); clone 2 had the same abnormalities
plus i(7)(q10). The cell line derived from this mar-
row sample, SAML-2, revealed the same karyotype
as that of clone 1, with the addition of dup(10) and
t(Y;15), which apparently developed in vitro. The
full karyotype is shown in Figure 2A.
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Figure 2. Cytogenetic analysis of cell line SAML-2. A: GTG-banded
karyotype: 45,X,der(Y;15)(ql0;q10),del(5)(q13q31),der(8)(8pter—
8qter: | 1q21—11qter:8ql3—8qter:11q21—1Iqter:11q?23—11q?24),
dup(10)(’p15p10),+11,der(l1)(1 Ipter—11q21: :8q22.1—8q24.1: 11q22—

Figure |. Cytogenetic analysis of cell line SAML-1. A: GTG-banded
karyotype:  58,X,+X,—Y,der(l)(Iqter—1p22::5q31—5qter),+del(l)
(pter—p35.3::cen—ql I:),der(2)t(2;6) (q33;923),der(2)t(2;21)(p21;q922),
+t(2;6)(p! 1.1;p21.3),dic(1:3)(q10;q21),+inv(3)(q?q?),  der(5)(5pter—
5q22::1p22—lpter),+der(7)(?16:7q21 —=7q21::7p13—7q22::7q21 —
7q22::7q21—7q22::1932—Iqter),+8, t(10;11)(p12;q14)dup(10)(q259-
ter),der(12)(6pter—6p| 1.2::12p13—12qter),+del(12)(ql | or qll1q24.3),
der(13)del(13)(ql1q14.1)i(13)(q10), +del(13)(q?).der(16)t(4;16)(’p;p12),
+der(16)(16pter—16ql1.1:20q11.2—20q13.1),der(17) t(12;17)(’p;p!3),
+del(19)(p13.2 or pl3.2pl3.3),+der(20)(15qter—15q22::20p 13—
20qter),+der(20) (20p! I.1—20cen::20q?::20p?::15q22—15q25:20p [2—
20pter),+21. Arrows indicate structural abnormalities. The karyotype is
based on the results of GTG, SKY, CGH, and FISH studies. B: Cartoon of
chromosome 5 in SAML-1, demonstrating genes retained on chromosome
5, genes lost, and genes translocated to chromosome |. C: SKY karyotype
with inverted DAPI and classified chromosome images. Insert in karyotype
shows FISH of der(20) with paints for chromosome 15 (blue) and chro-
mosome arms 20p (yellow) and 20q (red) revealing der(20)
(20p 1 1.1—20cen::20q?::20p?:: 1 5q22—15q25::20p | 2—20pter).
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I 1qter)x2,der(12)t(12;13)(p13.3;q14)ins(12;5)(p13.3;q31q31),— 13. Ar-
rows indicate structural abnormalities. The karyotype is based on the
results of GTG, SKY, CGH, and FISH studies. B: SKY karyotype with
inverted DAPI and classified chromosome images.

The complete SKY ideograms and CGH profiles
for both cell lines can be viewed at the NCI and
NCBI Spectral Karyotyping SKY and Comparative
Genomics Hybridization CGH Database (2001) at
http://www.ncbi.nlm.nih.gov/sky/skyweb.cgi.

FISH Studies

In SAML-1, FISH studies with a 5q31 probe
(Oncor) showed translocation of this region to 1p,
and FISH with probes for genes localized to the 5q
region revealed the following: DHFR was retained
on chromosome 5; [L4, IRF1, and IL3 were de-
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Figure 3. FISH studies in SAML-I. A: Deletion of IRFI in der(5);
CDC marks 5p in both the normal chromosome 5 and der(5). B:
Deletion of IL3 in der(5) and translocation of CSFIR to der(l); CDC
marks 5p in both the normal chromosome 5 and der(5). C: Translo-
cation of IL9 from chromosome 5 to der(1); CDC marks 5p in both the
normal chromosome 5 and der(5). D: TP53 in two chromosomes 17,

leted; and /L9, D5889, EGRI, and CSFIR were
translocated to 1p (Figs. 1B and 3A-C). Although
SAML-1 had a translocation involving 17p,
der(17)t(12;17)(?p;p13), CGH showed a normal
profile for chromosome 17, FISH showed two cop-

one of which is a der(17)t(12;17)(?p;p13). E: Single RB/ in a normal
chromosome |3 and two copies of RBI in the der(lI3)del(l3)i(l3)
(arrows). F: FISH with BAC-derived probes for MDRI (green) and
sequences just telomeric to it (red): two normal chromosomes 7 with
single copies of each probe (single arrows) and der(7) with four copies
of each probe (arrows).

ies of the 7P53 gene (Fig. 3D), and sequence
analysis revealed no mutations in exons 5-9, the
region where mutations of 7P53 were previously
described (data not shown). This cell line had three
copies of RBI (located at 13q14.2) as a result of the
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formation of an isochromosome 13 (Fig. 3E).
SAMIL.-1 showed amplification of the MDRI gene,
located at 7q21, both by FISH and CGH analysis in
an abnormal chromosome 7 with multiple copies of
7q21-q22. FISH analysis with two BAC-derived
probes, one containing MDR/I sequences and the
other containing sequences 500-1000 kb telomeric
to MDRI, indicates that the MDRI gene remained
intact (Fig. 3F) because MDRI transcribes in a
centromeric direction. Whereas FISH and CGH
indicated amplification of the gene, no overexpres-
sion or gene rearrangements were detected by
RNase protection assay (data not shown).

In SAML-2, band 531 was split, with a portion
remaining on the deleted 5q and another por-
tion translocated to the abnormal chromosome
der(12)t(12;13)ins(12;5) (Fig. 4A, B). IRF1 was part
of the 5¢31 band translocated to the der(12) (Fig.
4A); this rearrangement also resulted in the trans-
location of the RB/ gene, placing it near the IRF/
gene on the der(12) (Fig. 4A). FISH with the S5qter
subtelomeric probe gave signals at the terminal
position on both the normal and deleted chromo-
somes, confirming that the 5q deletion in SAML-2
was interstitial. SKY studies of SAML-2 also re-
vealed two derivative chromosomes involving ex-
change and duplication of material between chro-
mosomes 8 and 11 (Fig. 2), and FISH studies
revealed translocation and amplifications of the on-
cogenes MYC (8q24.1) and MLL (11q23) (Fig. 4C,
D). It is not clear that the rearrangements involved
breaks in either MYC or MLL, but northern analysis
of the MYC mRNA demonstrated that the tran-
script was overexpressed but of germline size. Cy-
togenetic and CGH studies of SAML-2 demon-
strated no abnormalities of chromosome 17, and
FISH studies revealed two copies of the 7P53 gene
at 17p13.1 (Fig. 4E). However, Castro et al. (2000)
found loss of heterozygosity for 17p in SAML-2,
indicating deletion of one allele of 7P53. Sequenc-
ing of the remaining allele showed that it contained
the common 7P53 mutation R273H, with no nor-
mal copies of 7P53 in this cell line.

CGH Studies

The CGH profiles for SAML-1 and SAML-2 are
shown in Figure 5A and B, respectively. Both cell
lines showed partial loss of 5q by CGH, 5q21-q31
in SAML-1 and 5q13-q31 in SAML-2. Loss of
13q11-14 was also noted in both cell lines: in
SAML-1, it was the result of the formation of
der(13)del(13)(q11q14.1)i(13)(q10), and in SAML-2,
as a result of a translocation, t(12;13)ins(12;5). In

both cell lines, RB1, located in the middle of band
13q14, was retained, and SAML.-1 contained three
copies as a result of the formation of the
der(13)del(13)i(13).

DISCUSSION

Of t-AML cases, 70-95% exhibit clonal cytoge-
netic abnormalities, an incidence higher than that
in de novo AML.. The karyotypic pattern of t-AML
strongly resembles that of adult de novo AML
(Heim and Mitelman, 1995), but the incidence of
abnormalities of chromosomes 5 and 7 is much
higher in t-AML (Le Beau et al.,, 1986). Other
chromosomal abnormalities more commonly re-
ported in t-AML than in de novo AML include +8
or +21, or abnormalities of 6p, 11q, and 12p. In
both t-AML and de novo AML, +8 and —17 are
among the most frequent abnormalities (Iurlo et
al., 1989; Johansson et al., 1991). SAML-1 exhib-
ited structural abnormalities in many of these same
chromosomes (3, 6, 8, 11, 12, 17, and 21) (Table 1
and Fig. 1).

OHN-GM is the only other therapy-related leu-
kemia cell line that has been reported (Nagai et al.,
1997). Several features of this cell line are similar to
the SAML-1 and SAML-2 cell lines, as summa-
rized in Table 1 and described below. Deletion of
TP53 has been reported in a number of t-AML and
t-MDS patients and has been associated with 5q
loss or deletion, a complex karyotype, and poor
prognosis (Merlat et al., 1999; Christiansen et al.,
2001). Although the three t-AML cell lines did not
show cytogenetic abnormalities involving 7P53,
both OHN-GM and SAML-2 had 7P53 mutations
with no normal alleles (Table 1). Castro et al.
(2000) demonstrated a correlation between 7P53
mutations and 5q13 deletion, which is consistent
with 7P53 mutations in OHN-GM and SAML-2,
both of which have 5q13 deletions, but only wild-
type 7TP53 in SAML-2, which has deletion
5q21q31. Cytogenetically normal chromosomes 17
with two copies of 7P53 by FISH in cases with only
mutated alleles of 7P53, as was observed in
OHN-GM and SAML-2, can be explained by the
loss of the normal chromosome with reduplication
of the chromosome containing the mutated allele
(Christiansen et al., 2001).

OHN-GM contains a deletion of the RB/ gene
on 13q as a result of the 10;13 translocation and
lacks RB1 protein. SAML-1 has three copies of
RB1I (Fig. 3E) and SAML.-2 has a translocation of
the RBI gene to the der(12)t(12;13)ins(12;5), plac-
ing it in proximity to /RF/ in the 5g31.1 insertion
(Fig. 4A). Translocations between 12p11.2-13 and
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Figure 4.  FISH studies in SAML-2. A: GTG-banding, SKY, and FISH
studies of the der(12)t(12;13)(pl3.3;q14)ins(12;5)(p13.3;q31q31),
showing translocation and proximity of the IRF/ (from 5q31.1) and RB/
genes (from 13q14.2) to the der(12), and loss of 13ql 1—ql4, as shown
by CGH. B: Split of band 5q3| (red) between the del(5) and the
der(12). C: Paint probe for 8q (red) and an MYC probe (yellow): MYC
is present in single copies in the single normal 8, in the portion of 8q

13q11-14 are rare, but non-random events in acute
leukemia (Chase et al., 1999). Studies by Coignet
et al. (1999) in patients with a t(12;13)(p12;q14)
revealed the presence of a myeloid-specific break-

o —
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o TN 1@

der(11)
-

L}

: Ldgr{i}/.

inserted into each of the two copies of der(l1), and in both portions of
8q involved in the der(8) (arrows). D: Paint probe for | Iq (red) and an
MLL probe (yellow): MLL is present in single copies in the normal 11
(not shown) and in the der(I 1) (two copies), and amplified in both I 1q
portions of the der(8) (arrows). E: TP53 (arrows) in two normal-
appearing chromosomes |7 (no normal allele for TP53 was detected by
sequencing).

point cluster region with the breakpoint in 13q14

centromeric to RB/, as was the case in SAML-2.
IRF 1, which is frequently but not invariably lost

in 5q31 deletions (Boultwood et al., 1993; Willman
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Figure 5. CGH profiles. A: SAML-1, demonstrating gains at
1p35.3—pter, Iq, 2qll.I—>q33 (peak 2q24—q33), 3pter—q2l,
6pl0—p21.3, 6q23—qter, 7p13—q22 (peak 7ql1.2—q22), 8 (proba-
ble), 13q21—qter, 15q21—qter (peak 15q22—q25), 19p13.2—qter, 20
(peak 20p12—ql I.1), and 21, and losses at 5q21—q31, 13ql2—ql4,
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and 22ql3.3. B: SAML-2, demonstrating gains at 8ql |.| —qter (peak
8q22.1—>q24.1) and || (peak |1q2l—qter), and losses at 5q13—q3|
and 13ql1—ql4; the regions of chromosomes 8 and |1 that were
amplified were those containing the oncogenes MYC (8q24.1) and MLL

(11q23).
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et al., 1993), has received much attention because
it is a transcription factor that regulates expression
of genes governing the differentiation, growth sup-
pression, and apoptosis (both 7P53-dependent and
-independent) of normal hematopoietic cells
(Green et al., 1999). All three t-AML cell lines had
rearrangements and deletions in the vicinity of
IRFI: SAML-1 and the OHN-GM line (Nagai et
al., 1997) had loss of one allele of /RFI, and IRF/
was translocated to the der(12) in SAML-2 (Fig. 4A).

Both SAML-1 and SAML-2 have cytogenetic
abnormalities involving chromosome 8 and 11q.
SAML-1 has +8 and t(10;11)(p12;q14.2). The lat-
ter is an infrequent, but recurring abnormality in
M4 and M5 AML and T-ALL (GFCH, 1991; Carl-
son et al., 2000). SAML-2 has two derivative chro-
mosomes involving exchange and duplication of
material between chromosomes 8 and 11, with am-
plification of MYC and MLL. There appear to be
two different types of 11q23/MLL involvement in
AML and MDS. The most frequent type exhibits
balanced translocation of 11q23, MLL rearrange-
ment, and relatively simple karyotypes. The rear-
rangement is frequent in myeloid, lymphoid, and
biphenotypic leukemia, indicating possible in-
volvement of a gene affecting differentiation and
proliferation (Rowley, 1993). Therapy-related leu-
kemias with this rearrangement are associated with
chemotherapy by use of drugs that target DNA-
topoisomerase (topo II) (Felix et al., 1993; Super et
al.,, 1993). Some 11q23 patients exhibit intrachro-
mosomal amplification of unrearranged MLL, dele-
tion of 5q, complex karyotypes, and mutation of
TP53 (Felix et al., 1998; Andersen et al., 2001). A
few reported cases have unbalanced translocations
of 11g/MLIL. similar to those described here for
SAML-2. A megakaryoblast cell line, UoC-M1, es-
tablished from a patient with M1 AML and
del(5)(q13g34), had alternating segments of chro-
mosomes 9 and 11 and four copies of the MLL gene
(Allen et al., 1998), and a case of de novo AML
with del(5q) showed alternating insertions involv-
ing chromosomes 11 and 15 and multiple copies of
MLIL (Struebel et al., 2000).

In this study of two new secondary leukemia cell
lines, we used a variety of cytogenetic and molec-
ular cytogenetic techniques to demonstrate numer-
ous chromosomal abnormalities typical of t-AML,
including those associated with alkylating agents
and topoisomerase-II inhibitors. Because the tu-
mor-suppressor gene(s) in the 5q31 critical region
has yet to be positively identified despite intensive
efforts, these cell lines, both of which had involve-
ment of 5q31, should prove useful in studies of the

cellular and genetic basis of therapy-induced AML.
Cell line SAML-1 has been submitted to ATCC
and will be available contingent on successful test-
ing by ATCC; it was deposited as ATCC CRL-
2776.
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